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1 
The Present invention relates te motion picture 
film drivLug mechanisms and more particularIy 
te drive systems designed te compensate for film 
shrinkage effects in motion picture film television 
scansion apparatus. 
The use of motion picture film for television 
program materiaI is becoming more and more 
prevaIent as the art progresses and as its use 
becomes more important, more stringent require- 
ment are being exacted of equipment employed 
te faithfulIy transform the motion picture photc- 
graphic information into teIevision video signais. 
Presumably, if the quaIity of motion picture film 
photographic records is kept reasonably high 
a photoeIectric system which, is faithful in re- 
sponding te the range of film densities borne by 
the lilm is emp!oyed in the film scansion, the 
quality of the reproduced teïevision image at e.Aae 
present sta$ of the art wilt be at Ieast as good, 
if net better than the teIevision image produced 
frein camera tubes operating directly frein the 
scene te be tetevised. ïïais, of course, presupposes 
that the noise leveI introduced into the picture 
by the scansion mechanism is kept ïeasonably 
and that uniform photoeIectric response over the 
entire film frame area is achieved. 
Pecent developments bave indicated that a fly- 
ing spot scansion system applied te ContinuousIy 
moving motion picture film provides an excep- 
tionally high quaIity of tetevision image which 
is unusually free frein objectionabIe shading ef 
fects and evidence a minimum of tandem noise 
attributable te photoelectric effects.. Iîowever, 
even with the improvernents te be derived frein 
flying spot scansion of continuousIy moving fiflm, 
the quaIity of the reproduced te]evision image 
generaIly suffers degradation as the result of film 
shrinkage due te change in humidity, tempera- 
ture, and aging of the film materiaI. As wilI be 
more fully appreciated hereinaïter in a continu- 
eus film motion type of scanner or projection sys- 
rem, film shrinkage effects normally may cause 
serious misregistration of successive film frames 
or sections thereof. 
Since the standards of the motion picture film 
industry bave been set af a film frame projection 
or presentation rate. of 24 frames per second 
whiIe television systems employ fieId scansion 
rates different frein 24 frames per second. (I(S 
television standards in United States requiring an 
interIaced 30 frames per second b means of 60 
field scansions per second), it is normalIy required 
te provide seine means of res01.ving the 4 frame 
per second reproduction of the motion pietur 
fil te çhe field transmission characteristics of 
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tlle teIevisiol system. A number of nethods 
accompIishing this resoIution bave been proposed 
a few of which are discussed by . W. Engstrom, 
G. C. Beers, and A V. Bedford in an article 
 titIed "Application of motion picture film te tele- 
vision" published in the Jomal of the Society 
of Motion Picture Engineers for Jun 190. 
Other projection schemes of this tyP are dis- 
cussed by Fordyce Tuttle and Charles D, id in 
19 the "Pïoblern of motion pictur projection frein 
continuously moving film" in the saine journal 
for February 192. Furthermore, a copendin 
U. S. application by A. V. Bedîord and . C. 
Sziklai entitied "T]evision Film Scanners," Seri- 
15 al No. 43,986, filed August 13, 1948, new Patent 
No. 2,590,28!, granted Match 25,1952, provides 
additional improvements in the teIevision scn- 
sion of moving film. tlowever, each method of 
caning motion picture fiim: presentIy known 
20 te the art is vulnerable te the deleterious effects 
on the image quality produced by fim shrinkage. 
Certain steps may, however, be taken te com- 
pensate for film shrinkage, especially in connec- 
ri.on with non-intermittent scansion systems. 
 Suoh .considerations are deaitwith in detaïl in 
U. S. pateoEt application by A. V. Bedford, Serial 
No. 44,013 fiIed August 13, 1948, entitled "F.ilm 
Shrinkage Compensatory System." The geîïeral 
shrinkage pïoblem is treated af length in this 
30 last referred te U. S patent application and a 
novel method is presented Which permits substan 
. tial reduction in image misregistration due te 
film shrinkage. Also, a generaI foTn of novel fiIm 
driving spïocket is disclosed which incorporates 
35 mechanical features which permit operation and 
correction in accord with the method of shrinkage 
compensation disclosed therein, 
The present invention chiefiy concer.ns itsef 
with an improvecl azld simplified ferre of film 
40 shrinkage compensar, ory dlJvig sys.em fl]ding 
particuIar use in nom-interr.fitent motion Dicture 
film scansion systems nd although operating in 
accordance with the teachings of above U. S. pat- 
ent application Serial No, 44,013 supra, if does 
45 effet marked novel mechanical and opera.tional 
advantages thereover. 
More particularty the prseng ivention pro- 
vides a method of motion pictuï.efilm propzflSio: 
for television scaming sysems which compën- 
0 sates for film shrinkage effects by 
the passage of the film through the scanning 
paratus during predetermined interva.s wtiose 
timing is in synchronism with the scansïoa fuiac- 
tion of the apparaus. In one of ifs ore 
 tical ferres, the invention .provides the :aoemen- 



tioned suspensions in film motion through the 
action of a novel film driving sprocket adapted 
to drivingly engage the motion picture film driv- 
ing perforations. The sProcket driving teeth are 
movable with respect to the surface of the 
sprocket and a mechanism is provided for con- 
trolling the positioning of the teeth while the 
sprocket is in driving re]ationship with the film 
such that driving engagement of païticular teeth 
on the sprocket with the film may be interrupted, 
with consequent momentary suspension of film 
motion. As will be seen more c!early as the spe- 
cification proceeds, this action is controlled and 
timed in accordance with the Bedford U. S. pat- 
ent application, supra, to substantially compen- 
sate for film shrinkage effects in television scan- 
sion system. 
Itis therefore an object of the present inven- 
tion to provide a motion picture film sprocketing 
system adapted for use in connection with con- 
tinuous film motion television scansion appara- 
tus wherein the sprocketing sysçem produces a 
series of momentary suspensions in film motion 
of a predetermined rime duration and timing, 
such as to improve the registration of portions 
of reproduced television images when the scan- 
sion is under the influence of film shrinkage. 
Itis another purpose of the present invention 
to provide a motion picture film propulsion sys- 
rem for application iloE television motion picture 
film scansion systems wherebycompensation for 
film shrinkage effects is automatically and con- 
tinuously provided. 
Another object of the present invention resides 
in the provision of a simple means for synchro- 
nizing successive interruptions of film passage 
through continuous film motion television scan- 
sion apparatus so as to occur only during tele- 
vision blank out intervals, whereby compensation 
for film shrinkage effects may be ruade during 
these interva]s without impairing the appearance 
of reproduced television image obtained there- 
from. 
Itis further a purpose of the present invention 
to provide a mechanical sprocket having movable 
teeth thereon adapted to engage the film driving 
perforations in motion picture film, the position 
of said .teeth relative to the surface of said 
sprocket being controllable to conditionally dis- 
engage certain film driving perforations at pïe- 
determined rime interva!s for predetermined rime 
durations. 
Itis further an object of the present invention 
to provide a mechanical sprocket having movable 
driving teeth thereon for driving engagement of 
motion picture film driving perforations, said 
sprocket being adapted for use in motion picture 
film television scansion systems of the continu- 
ous film motion variety, said sprocket having a 
control mechanism adapted for actuation exter- 
nally to the sprocket teeth thereon according to 
a predetermined pattern such to provide driving 
engagement of the motion picture film by only 
one sprocket tooth at a rime, whereby definition 
defects in reproduced television images due to 
film shrinkage effects are reduced. 
Still another object of the instant invention 
resides in certain improvements in the mechan- 
ical design of a shrinkage compensatory film 
driving sprocket over and above the form of 
sprocket disclosed in a U. S. patent application 
by A. V. Bedïord Serial No. 44,013 filed August 
13, 1948, entitled "Film Shrinkage Compensatory 
Sys£em." 
and features which are be- 
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lieved tobe characteristic of the present invention 
will become apparent through the perusal of the 
following specification, particular!y when con- 
sidered in connection with the accompanying 
5 drawings wherein: 
Figure 1 illustrates one form of film scansion 
system to which the present invention may be 
applied; 
Figure 2 is a graphical representation of certain 
10 normal mechanical functions typical of the ap- 
paratus shown in Figure 1; 
Figure 3 graphically illustrates the mechanical 
functions set forth in Figure 2 in connection with 
abnormal mechanical operation of the apparatus 
15 in Figure 1 due to film shrinkage; 
Figure 4 graphically illustrates the mechanical 
functions set forth in Figure 2 in connection with 
a particular form of abnormal mechanical oper- 
ation of the apparatus in Figure 1 due to film 
20 shrinkage; 
Figure 5 represents a section of 16 mm. motion 
picture film; 
Figure 6 represents a section of 35 mm. motion 
picture film; 
25 Figure 7 diagrammatically illustrates the me- 
chanical relationship between a normal driving 
sprocket and normal motion picture film; 
Figure 8 diagrammatically illustrates the me- 
chanical relationship between a normal driving 
30 sprocket and shrunken motion picture film; 
Figure 9 graphically illustrates the mechanical 
functions of the apparatus in Figure 1 when em- 
ploying one form of the present invention; 
Figure 10 is a cross-sectional axial view of one 
35 form of film driving sprocket embodying features 
in accordance with the present invention; 
Figure 11 is a staggered sectional side view of 
a portion of the sprocket represented in Figure 
10 taken on line -- thereon and looking in 
40 the direction of the arrows; 
Figure 12 is a detafled elevational side view 
of the combination control cam and sprocket axle 
shown in Figures 10 and 11; 
Figure 13 is a cross-sectional axial view of the 
element shown in Figure 12 taken on the line 
45 3--3 thereon and looking in the direction of 
the arrows; 
Figure 14 is a cross-sectional axial view of the 
element illustrated in Figure 12 taken on the line 
4--4 thereon and looMng in the direction of 
5O the arrows; 
Figure 15 illustrates another form of combina- 
tion control cam and sprocket axle as may be 
used in a modification of the sprocket shown in 
Figures 10 and 11; 
55 Figure 16 is a cross-sectional axial view of the 
apparatus in Figure 15 taken on the line 6--6 
and looMng in the direction of the arrows there- 
on; the showing of certain elements being omitted 
for purposes of clarity. 
6O leferring now to Figure 1, wherein is shown a 
basic fiying spot continuous film motion tele- 
vision scansion system, motion picture film {} is 
being impelled in the direction of .the arrows 2 
65 past an aperture 4 in a film gate 6 by means 
of a sprocket  having teeth 2{} adapted for driv- 
ing engagement of the film driving perforations 
such as 22. The sprocket  is provided with 
rotational îorce by means of motor 24 which is 
70 indicated as being mechanically linked to the 
driving sprocket  by means of the dashed line 
at 26. In accordance with well-known principles 
of fiying spot film scansion, one form of which is 
described in full detafl by U. S. Paent No. 
75 2,261,848 granted to P. C. Goldmark, issued 



2»601»790 

of the'flying spot as it scans a film främe, clearly 
illustrate the fact that successive film frames are 
properly in registration inasmuch as the extremi- 
ries of these curve portions 46 fie on the locus 
lines 68, 60, and 62. 
There is shown in Figures 5 and 6 respective 
sections of 16 mm. and 35 mm. motion picture 
film. Itis noticed that the 16 mm. film 64 is 
provided with driving perforations 66 on the 
basis of one driving perïoration per film frame, 
whereas the 35 mm. film 66 is provided with driv- 
ing perforations 67 on the basis oï four perïora- 
tions per frame. The present invention is no way 
limited to the type of film used, but for sake of 
clarity and ease in comprehension, further de- 
scription of the operation of the present inven- 
tion will be directed to the use of 16 mm. film 
unless otherwise noted. Accordingly, in Figure 
1, 16 mm. film is illustrated and although itis 
evident that the graph of Figure 2 is not in any 
way conditional upon the number of driving per- 
forations per film frame, it does assume that the 
film f6 is being driven ata constant linear rate 
which for 16 mm. film is approximately 40 feet 
per second for 24 frame per second presentation 
rate. 
Figure ï illustrates the relation between a film 
sprocket such as 68 and motion picture film when 
properlF driving an unshrunken motion picture 
fiflm such as 70. Itis seen that the leading edge 
of the teeth 72, 74, and 76 oï the sprocket teeth 
78, 7§, and 77 are all in driving contact with the 
leading edges 78, 78, and 80 of the respective film 
sprocket driving perforations. Under such con- 
ditions the movement of the film 76 in direction 
of the arrow 82 bF rotation of the sprocket 68 
will be substantiallF at a constant linear rate. 
ttowever, in Figure 8, the same sprocket 68 is 
shown in connection with a shrunken film 70'. It 
is then seen that only the leading edge 72 of the 
sprocket tooth 73 i in driving contact with the 
leading edge 78 of the film 76', while the other 
teeth 7§ and 77 .although necessarily engaged in 
the sprocket perforations, are hot in contact 
with the respective lëading edges 78 and 80 
thereof, ttence, the Sole driving force to the film 
is being applied bF the leaing edge of the 
sprocket tooth 7'81 as the film 70, progresses in 
the direction of the arrow 82. Itis evident that 
upon further rotation of the sprocket, sprocket 
tooth 7 will disengage its film sprocket perfora- 
tion, wheeup0n the film 76' will tend to halt 
due to lackof driving contact with either of the 
other teeth 7 or 77. Hence, neglecting friction 
effects between film and sprocket and inertia, the 
film 76' will rmnain stationary until the leading 
edge 74 of the sprocket tooth 7 moves sufiï- 
cientlF forward to contact the leding edge 
of its film perïoration, at which rime constant 
velocitF propulsion of the film-will again be pro- 
vided until such rime as the sprocket tooth 
disengages ifs film driving perforation. As a 
result of this action the shrunken film 70  is 
transported past the film gare 6 in Figure 1 
with a series of hesitations, each hesitation or 
film halt being in duration proportional to the 
degree of shrinkage manifested y the film with 
said hesitations occurring once per film frame. 
Turning now to Figure  the effects of this 
film shrinkage will be considered in connection 
with the scanning cycle hereinbefore described 
with reference to Figure . The dashed lines 
66, and 62 corresponding to the loci of the tops 
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46 for an unshrunken film. The redrawlng of 
this dashed line loci has been executed simply for 
illustrative purposes. Now under the conditions 
of shrunken film the distances between the top 
5 and bottom of the respective frames due to the 
shrinkage of the film material therebetween will 
be reduced. The top of frame ' of a shrunken 
film is indicated by the "dashed-dot" }ocus line 
68' whereas the top of frame 2 under shrunken 
]0 film conditions may be represented by the 
"dashed-dot" locus line 60'. The ordinate 8« of 
the graph in Figure 3, of course, represents lon- 
gitudinal film gate distance as did the ordinate 
2a in Figure 2 and the abscissa 8b is a tïme scale 
]5 broken in 60ths of a second again in accordance 
with Figure 2. An additional abscissa 
operation with the ordinate 3a is provïded as a 
secondary rime scale and is subdivided into 24ths 
of a second. The first 24th of a second is in turn 
20 broken into 96ths of a second for reasons of 
convenience hereinaïter fo become evident. 
The fact that the shrunken film as it is im- 
pelled past the film gare hesitates every ï of 
a second as beïore brought out, maF be illus- 
25 trated bF the horizontal sections 68'«, 66« and 
62, of the "dashed-out" loci of the tops of the 
shrunken film frames f, 2, and 8. This illustra- 
tion further shows that at the end of the flrst 
4th oï a second the film actuallF stands still, 
30 for all practical purposes, until the next sprocket 
tooth drivingly engages the film, at which rime 
the film is driven ata constant linear speed until 
the next hesitation occurring at  second shown 
at 68'b, 66'b, and 
35 The film hesitations produced by film shrink- 
age effects, even under conditions of severe film 
shrinkage, persist for a rime duration of sub- 
stantiallF less than a vertical blanking interval 
and therefore the delaF intervals as depicted in 
40 Figure  by the horizontal sections of the dashed 
loc lines, such as §8', are obviouslF grossly exag- 
gerated in order to lend claritF to the illustra- 
tion. For example, under conditions of 1% film 
shrinkage, the film would hesitate approximatelF 
45 1.% of d of a second or .01×.04.0004 second, 
- whereas the vertical blankïng interval for a 
standard televïsion signal is about 5 % of %o of 
a second or .05X.016.0008 second. Thus, it 
appears that for film shrinkage as large as 1%, 
the maximum duration of film shrinkage com- 
50 pensatory halts would not be greater than /e of 
a vertical blanking interval. Furthermore, the 
halt internais as represented by the horizontal 
sections of the film frame loci are depicted as 
55 being rather abrupt transitions from normal 24 
 frarae per second film Pr0Pulsion to a stationary 
mode and then followed by rapid acceleration up 
fo the normal propulsion rate again. Obviously, 
in pactice the inertia of the film itself would 
60 prevent such rapid deceleration and acceleration, 
thereby raaMng the halt intervals more properly 
representable, by a slowing down of the film 
propulsion rather than an actual film halt. How- 
ever, to more clearly illustrate the principles 
65 derlying the operation of the present invention, 
an exaggeated halt period, as shown in Figure 3 
as well ashereinafter depicted in Figure 9, has 
been.utilized.:  ......... 
It will be observed tha during the film transi- 
70 tion from position No. 3 fo position No. 4 (or 
during the third scansion of frame ), the 
shrunken film will disadvantageously halt di- 
rectly in the center of this third scansïon cycle. 

of frames , 2, and 3 respectively are again shown Hence, the television field corresponding to the 
in theirproperïrëïatïonship.to.the scanning curve 75-third scansion of frame : will necessarily 
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Novenaber 4, 1941, an lllunainated flying spot 
raster 28 is produced on the screen 30 of a kine« 
scope 18 through the appropriate actions of hori- 
zontal and vertical deflection circuits 32 and 34. 
The lens 36 collects the light rays frona the flying 
spot pattern 28 and projects thena for defiection 
onto the surface of the rocking nairror 38. After 
being defiected by the rocking nairror 38 an inaage 
of the scanning patterloE 28 is brought to focus 
upon the film 10. In the position shown in Fig- 
ure 1, the image 28' of the scanning pattern 28 is 
disposed for scansion of an arbitrarily designated 
filna area such as franae . Directly to the rear 
of the filna 10 is the photoelectrc .cell 40 which 
receives the light rays of the scanning pattern 
inaage 28' after passing through the filna and aft- 
erward being collected by the lens 42. Through 
suitable electronic circuits the output of this pho- 
tocell is adapted to produce a television signal 
corresponding fo the photographic infornaation 
on film 10 as the flying spot comprising the pat- 
tern 2S describes the scanning pattern 28'. 
As is well known to the art in a continuous filna 
scansion apparatus of this type, one procedure 
for resolving .4 frame per second filna presenta- 
tion rate to the IMA standard 60 fleld per sec- 
ond television standard, as is presently conanaer- 
ciaily employed in the United States, is fo drive 
the film 10 ata .4 frame per second rate and 
then scan successive filna frames three and two. 
tinaes respectively. For examPle, ïranae I naay be 
scarmed three rimes corresponding fo o of a sec- 
ond and frarne 2 scanned two rimes correspond- 
ing to the remaining ço of a second, which com- 
prises the o or  of a second period required for 
the presentation of two filna franaes. 
Referring now to Figure 2 in conabination with 
Figure 1, the filna   is shown in discrete positions 
Nos. 1, 2, 3, 4, 5, and 6 as if is successively dis- 
placed longitudinally along the filna gare in the 
direction of the arrow I. For ease in describing 
th nature, of the operations fo follow, the index 
level  on the filna gare I$ in Figure 1 is repre- 
sented by line 4  described on the ordinate 2 of 
the graph in Figure 2. The ordinate 2 repre- 
sents longitudinal filna gare distance nd the 
arrow   associated therewith again describès the 
direction of motion of the filna relative fo the filna 
gare as itis projected. The index level 4  is 
conveniently taken as a starting position for the 
top of franae  (position 1) at the start of the 
triple scansion of franae I. Here it will be 
renaembered that in the normal projection of 
motion picture filna, the top of the image photo- 
graphed on the film franae is actually below the 
bottona of the filna franae image due to the inver- 
sion of the motion picture filna. Consequently in 
Figure 1, the inaage top, which Will be referred 
to s.s simply "the top of franae I/' is coincident 
wih the arbitrary index 44 on the filna gare 16. 
The rocking mirror 3 is then oriented so that the 
top of the scanning pattern 28 is also coincident 
with the index line 4 and at the rime zero or 
the. beginning of filna scansion, represented on 
abscissa  of Figure 2, the fluorescent spot on 
the scarming pattern 2  proceeds to scan the filna 
0 as the filna 10 naoves on to position No. 2. 
Study will show that the longitudinal height of 
the scam]ing pattern image 28  as projected on 
the film , need be only % of a franae height to 
accomplish scansion of frame No. 1 by the tinae 
the filna reaches position No. 2. The longitudi- 
nal position of the e]ectron beam spot inaage, 
comprising the scanning pattern image 2', as if. 
progressC in a dieCtion opposite fo fllna naoti0n 
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to execute its fleld scanslon is represented by a 
locns line 48 in Figure % Therefore in the first 
o of a second, which is the transition rime be- 
tween position No. 1 and position No. 2, filna 
5 franae I is properly scanned the first of three 
tinaes. 
Since the scanning pattern image 28' in scan- 
ning a franae naust always bave its genesis coin- 
cident with the top of the frame inaage, the sec- 
10 ond scansion of franae I in its position shown by 
position No. . of the filna 16, will require that the 
scanning pattern inaage 28' be shifted down- 
ward!y in the direction of filna motion to position 
"b," whereas ïor the flrst scansion its genesis was 
15 established at level "" which was coincident 
with the index levl 4 . This necessary shiïting 
of the scanning pattern is acconaplished by the 
action of cana 8 acting upon the follower 2 
which is in turn disposed to rotate the mirror 38 
20 about its axis 38 . The rive constant radius sur- 
f.ces, designated as , 'b., c, , and e on the cana 
50 correspond to the necessary levels to which the 
g'enesis of the scanning pattern 28' must be 
shifted throughout the rive part scansion cycle of 
25 the filna 10. !ae cana 50 receive rotational drive 
in synchronisna with the filna driving sprocket by 
means of an appropriate mechanical linkage fo 
th motor 2g indicated by line 54. 
The cam position as shown in Figure 1 corre- 
80 sponds fo the flrst scansion of filna franae I. 
However, for the second scansion of film frame 
, constant radius surface D will displace rotor 5 
away from the cam axis so to shift the scanning 
pattern 28' fo level  (in Figure 2) Ïrona which 
35 position the second Scansion of frame I pro- 
gresses and continues until the filna reaches posi- 
tion No. 3. The third scansion of film franae I 
of course, is acconaplished in a sinailar manner 
during the transition of the filna between posi- 
40 tion lo. 3 and position No. 4. during which scan- 
sion constant radius c of cana 0 has properly 
positioned the scanning pattern. 
ït is seen then that at the end of o of a sec- 
ond, franae I bas been scanned the required three 
45 rimes and cana  then presents constant radius 
surface  of-snaaller radius, to the mirror foilower 
 so as to raise the genesis of the scarnaing pat- 
tern 3' to level  (Figure .) along the filna gare 
in order to naake ready for the first scansion of 
50 franae No. 2. This first scansion of franae 2 is 
accomplished during the transition of the film 
frona position No. 4 fo position No. 5. The sec- 
ond scansion of franae 2 then follows by position 
ing of the fo]lower 5 in conformation with con- 
55 stant radius e of the cana 0 which naaintains 
throughout the intrval between position No. 5 
and position No. 6. At the end of 5 of a second 
corresponding fo position No. 6 of the film, scan- 
sion of both frame  and franae  has been prop- 
60 erly acconaplished and the scanning rasteï 
returns to the index level  or index 44' in readi- 
ness for the triple scansion of frame 3. 
Considering now in more detail the gräphical 
representation in Figure ., if naay be seen that 
65 the dashed line 8 represents the lotus of the top 
of îrame I whereas the dashed line 6 represents 
the bottom of franae  and/or the top of franae 2. 
Dashcd line 2 accordingly, represents the bot- 
tom of frame 2 and/or the top of franae I. Con- 
0 sequently, the slope of the non-horizontal por- 
tions of lines 8, 6, and 62 represent the linar 
velocity of the film 18 in its propulsion through 
the scansion systena of Figure 1. The straight 
line sections of curve 4 of Figure ., hereinbefore 
5 describe¢t as representing the vertica progression 
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9 
badly distorted and consequently not agree in 
registration with the scansions of the same frame 
accomplished during the first two field scansions 
of that frame. In the case of film frame 2, it 
is apparent that this halting or suspension of 
film motion due to film shrinkage effects, al- 
though occurring at 58'b, 6{}'b, and 62'b does hot 
yield any deteterious effects inasmuch as they 
occur ai the end of a television field scansion. 
For this instance in particular, the suspensions of 
motion begins at o of a second, which is equiv- 
alent to , of a second, or the rime taken for 
television scansion presentation of two complote 
film frames. The reasons that no fil effects are 
felt from this film hesitation at this rime, derives 
wholly from the fact that a television vertical 
blank out signal occurs at every ]/o of a second 
or ata rime when no video image information is 
being transmitted or reproduced. 
Therefore in accordance with the present in- 
vention the hesitation in film movement nor- 
mally occurring af  of a second as in Figure 3, 
is eliminated and postponed to occur at %0 of a 
second as shown at 58'g and 66'b in Figure 9. 
Consequently, the necessary slippage of the film 
to make up for the shrinkage when postponed to 
occur at intervals of %0 and o of a second may 
be ruade to occur durinff television blank out 
intervals, durin which hesitation of the film 
will create no problem. 
From the foregoing analysis it appears that it 
is only necessary to insure postponement of only 
one film motion suspension due to shrinkage, 
namely, that suspension corresponding to the 
ends of frames I, 3, 5, 7 and so forth for oper- 
ation as descrlbed in Figures 2 and 3, since the 
suspension occurring at the ends of frames 2, 
4, 6, 8, etc. are of less concern. In most. in- 
stances however, it is desiraole also to provide 
additional means for insuring that the film mo- 
tion suspension occurring ai the ends of even 
numbered frames are initiated ai exactly those 
24th of a second intervals which coincide with the 
60th of a second intervals such that the dura- 
tion of the film suspension does hot "bang over" 
the television blank out rime. 
It may be noted ai this rime that if 35 mm. 
film were being driven ,by successive driving per- 
forations numbering four per frame, the hesi- 
rations or film shrinkage compensatory motion 
suspensions would ocur at every , of a sec- 
ond and in accordance .with Figure 3 the phe- 
nomenon illnstrated at 58'a---.66'a---62"a in con- 
nection with 16 mm. film would occur four rimes 
during, the scansion of frame  which occurrent 
positions.are indicated by dors {}, , 2, as well 
as ai 58'a. The distortion of the television im- 
ages would therefore be markedty greater under 
these conditions. The obvious correction for this 
increased effect would be to provide active en- 
gagement of only one out of every four driving 
perforations by the sprocket for the 35 mm. film. 
Under such driving conditions for the 35 mm. 
film the remaining problem is identical to that 
as described in connection with 16 mm. film. 
The teeth of the sprocket 68 shown2n Figures 7 
and 8 are illustrative of the very simplest form 
of sprocket tooth contours and no effort bas teen 
marie fo fllustrate a type of tooth contour which 
would tend to minimize the abruptness at which 
the hereinbefore described shrinkage compensa- 
tory interruptions occur. Certain types of film 
sprocket tooth contours which tend to minimize 
the ripple or flatter imparted fo the film due to 
the necessary shrinkage compensat!0nS are well 

known to the art and find.particular usefulness 
in film systems incorporating sound track reprq, 
ducing equipment. Such sprockets oPerate 
impart a substantially constant rate of 
5 sion to the film Under tvo conditions, :£o v:it; 
for film exhibiting no shrinkageor for film:ëk- 
hibiting a discrete, amount of Shrinkage, ünder 
which latter COnditions the gp20cket necessrîly 
reduces the average linear vètocity of the filmin 
10 the process of comPensating fer th shrinlage. 
The exact mechanïsm by which tlesë tpes of 
sprockets operate are normatly basedl upon par: 
ticular forms of tooth contour design and Will 
hot be herein considered inldetail due to the 
15 familiar nature 'of such dvices to those skflled 
in the art. Howeverït is tombe noted that a!- 
though such specia.1 "smoething '' sprockets oper' 
are to "smooth out" film flatter due to shrink- 
age effects and thereby .impart  rb the film a  con- 
20 stant but lower rate of Propulsiönï:,the registra- 
tion probiems res:ulting from shrinkage effec are 
in no way helped by the use of Such Sprockets. 
The effect of a smoothmg sprocket oper- 
ating under id.al conditions to effect, a reducëd 
5 but constant vel0city propulsion, free of.".fiut- 
ter," of Shrunken film in connection with a tele- 
vision film scansion mechanism as'describëd in 
connection with Figure 2, is illustraed ïn Figure 
4. Again a portion of Figure 2(:hs bëehç:epro- 
30 duced in Figure 4 to forma bas:fb Cdmparis0n 
between conditions obtaining .under opëation 
with shrunken and unshrunkenfi]rn: i Ad6rd- 
in, dashed loci lines , 66,and 6,aain  
resent respectively the loci::of:the tops of frames 
35 , 2, and $ as n0rmal unshrunken film'wouid be 
propelled thr0ugh  the sYstem as illu.strated 
Figure 2. The pitoh or distance between frames 
is here indicated by the arrow Pn which :is indi- 
cated for comparison with the pitch. P, iÏlfls- 
46 trated for film in a:shrunken state. Correspsn,d, :, 
ingly, the "dashd dot" lines. ", 
represent the respective loci of çhe tops of frames 
, 2, and 3 of shrunken film as it is propetlëd 
through the system Shown in.Figure. 1 a a 
45 .reduced constant velocity rate resulting fromthe 
action of an idealized specia! "sm0othing" 
sprocket, indeed the. situation resutting in this 
case is even more aggravated frein a registra 
tion standpoint than was exhibited in connection 
50 with the simple tooth action fllustrabed in Figure 
3, for it is: evident t!mt whereas the first two 
scansions and a portion of the third scansion of 
frame  were in registration in Figure 3, here each 
successive scansion of frame  is displaced from 
55 the previous scansion and in.registration there- 
with. Although in Figure 4 no particular ds- 
tortion of the third scansi0n field of frame: ! is 
encountered due to sprocket ooth action i n:con - 
nection, with shrunken film, it is seen that,:the 
6O cumulative action of the reduced but constant 
velocity of film' propulsion resutts n succes_sively 
deeper scansions into frame No. 6 during the 
intended three scansions of 0rdy frame . Mani- 
festly thon, the more provision of constant veloc- 
65 ity .propulsion of the film at a reduCed rate 
compensate for linear shrinkage effects,, in no 
way improves successive field registration in 
scansion systems of the type under consideration 
whereas controlled interruptions of the film mo- 
70 tion according fo the method disclosed and illus- 
trated in Figure 8 do provide satisfactory corr 
rection of fihn shrinkage effects through the 
medium of the film driving me6hanism: 
 According to the present invention in oder to 
75 previde the necessary, posponement of film 
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Shrinkage compensatory halts to ensure motion 
suspension at every .%o and -%o of a second for 
alternate film frames, a novel driving sprocket 
shown in Figure 10 and Figure 11 may be used. 
The driving sprocket 100 is provided with an even 
number of driving teeth 02, 04, 06, 100, 
||2, ||4, |6, |0, |20, .|22, and 24 which may be 
radially extended or extracted from protrusion 
past the outer surface of the drum 26 through 
peripheral slots therein. Each of the peripheral 
slots such as 6 (for sprocket tooth 24) through 
which the sprocket teeth extend is preferably 
parallel with the rotational axis of the sprocket 
and is of sufficient width to allow the sprocket 
tooth member such as i 24, to freely more therein. 
As is shown more particular]y in Figure 10, the 
Procket teeth are evenly spaced around the 
Sprocket periphery with a nominal pitch suitable 
for normal dring engagement of unshrunken 
motion picture film. For purposes of illustration, 
h0wever, the film 10 being driven by the sprocket 
in the direction of the arrow  2 is shown as haw 
ing suffered some degree of shrinkage which per- 
toits driving thereof by only one sprocket tooth at 
a rime. In the particular operational phase 
shown, the tooth 0 is driving the leading edge 
|4 of the film perforation 6 but the remain- 
ing sprocket teeth enveloped by film perforations, 
provide no driving force to the film due to 
shrunken condition. 
The individual sprocket teeth whose general 
form are shown more clearly in Figure 11 are 
 guided for radial movement by a series of s!ots 
such as 6 in the central hub 40. These slots 
-are in radial alignment with the slots in the drum 
periphery. The sprocket as a whole, comprising 
the drum 26, the hub 40 and the sprocket teeth 
movable therein, is rotated about a combination 
c0ntrol cam and axle 14, which is held stationary 
-.relative to the scansion apparatus by such means 
as its riveting st 4 to a convenient apparatus 
structural plate |46. Rotational driving force 
app]ied to the sprocket 00 by means of a gear 
or pulley |0, which is fastened by means of a 
series of bolts such as  te the hub and drum 
suppor member |4. Consequently, rotational 
drive of the gear  0 about the fixed axle 44 will 
cause, the drum 6 and the hub 36 with the 
spzocket-teeth therein to also rotate. It wfll be 
observed, however, and as more clearly shown in 
Figures 12, I3, and 14, that the axle 44 has, on 
its periphery, a -section control cam surface 
comprisinKperipheral depression  6A, | î0B, and 
60C. The nature of this compound control sur- 
ace is .mor.e clearly described by-cross-sectional 
views hown in Figures 13 and 14 takn from 
Figure I a lines  and 4 respectively and 
.... looking in. the direction of the arrows associated 
therewith. " The depressions 60 can therefore be 
seento be very abrupt and having edge s which 
ar definable by a plane passing through the 
tational axis of the sprocket. Surfaces 60A and 
60C are in relative alignment such as to be 
mutually includd in a radially extending plane 
in .turn including the sprocket rotational axis, 
whereas surface |60B is angularly displaced by 
an angle ç, in a direction opposite to sprocket 
rotation from the plane defined by the edges 
100C.and the spzocket axis. 
Accordingly, there is provided on each sprocket 
-tooth a central extension |6 sum-ounded by a 
spring 16 (reference, for example, teeth  0 and 
|24 in FigUre il). The spring acts uPon the 
side surface 20A of the drum 0 to maintain 
the actuaing surfaces 60 of the sprocket teeth 

in contact with the periphery of the sprocket axle 
4 such as to cause the radial displacement of 
the sprocket teeth in accordance with the de- 
pressions $OA--G6C and 0B on said ax!e. 
5 Consequently, as the sprocket  00 is rotated about 
the axle; the sprocket teeth, when they encounter 
the appropriate control surface depressions, will 
more inwardly away from the drum surface 
and therefore destroy any driving relationship 
10 that might exist between the païticular tooth 
encountering the depression and a film driving 
perforation. 
As will be remembered in coection with Fig- 
ure 9, the film in its travel through the scansion 
15 mechanism is ideally halted st alternate inter- 
vals of %0 of a second and o of a second, said 
halt intervals being timed to commence a the 
terminations of the respective final scansions of 
alternate film frames. In other words, the dura- 
20 tions of rime intmwals during which alternate 
film frames are fo receive constant velocity pro- 
pulsion is fo differ by 6o of a second. This action 
is accomptished in the present sprocket by shap- 
ing the actuating ends of alternate sprocket 
E5 teeth to respectively conform to th depression 
60A--0C and the depression GOB. For in- 
stance, tooth |4 has a single actuating pro- 
tuberance  so dimensioned and oriented to 
spond oniy to the control cam surface depression 
30 00B, whereas the alternate type of tooth (of the 
type depicted by tooth 0) has two actuating 
protuberances |0, which conforrn only to the 
control cam surface depressions 60A and 
As belote noted in the operational phase of the 
5 sprocket as shown in Figure 1, the tooth 
is pïoviding a driving force fo the film by contact 
with the ]eading edge 4 of the film perforation 
|3. Therefore, when the two actuating pro- 
tuberances t70 encounter surface 
¢0 the sprocket tooth will retract to a position now 
illustrated by tooth 2 and consequently a]low 
the film 30 to halt until the leading edge 7 of 
tooth |06 contacts th leading edge 6 of the 
film driving perforation. 6. At this latter time, 
45 the film will again be propelled st a constant 
velocity. This newly established constant velocity 
propulsion will continue until-tooth  00 (having a 
single actuating protuberance such as tooth 
encounters actuating surface depression 60B, st 
50 which rime it wfll retïact and allow the film to 
hesitate in its movement untfl tooth 06 moves 
sufficiently forward to contact the leading edge 
of the driving perforation within which ît acts. 
It is therefore evident that teeth  02,  06,   ,   4, 
55  6, and 2 will provide drive to film for longer 
individual periods, than teeth 04 106, |2, 
20 and 26. This additional driving period is 
expressed by: 
60 At--- seconds 
where  is equal fo £he angular displacement in 
degrees bet¢een surface depression 
and surface depression 0B, taken about the ro- 
65 tational axis of the sprocket; and Vs is equal to 
the rotational velocity of the sprocket expressed 
in revolutions per second. 
In accordance with the above, where the film 
0 is fo be driven at a 24 frame per second rate 
7O and where 16 mm. film is under consideration 
(representing one set of film pm'forations per 
frame) the sprocket 00 having 12 teeth will 
necessarily be rotated at 2 revolutions per second. 
The requlred rime differential i$ being 0 oï a 
75 second, then allows the determination of the 
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proper angutar displacement of the cam surïace 
depressions by simple rearrangement and sub- 
stitution in the above expression: 
¢_At(360)(Vs) (360) (2) . 
2 --  = o degrees 
Instead of providing what is in effect two cam 
surfaces on theaxle  with the requiïed cri£ical 

"14 
ber for linearly positioning said sprocket teeth 
in said radially aligned supporting ho]es through 
driving engagement of said sprocket teeth actu- 
ating ends and the cam periphery, said cam pe- 
riphery comprising two control surfaces, and a 
spring mechanism connected with each sprocket 
tooth for maintaining said driving engagement of 
said tooth with said cam said sprocket teeth actu- 

6 degree angular displacement therebetween as ating ends having stots therein for discriminately 
well. as providing special contours for the. s.ctu- lO responding to one of said cam control surfaces. 
ating ends of alteïnate sprocket teeth some 2. A cylindrical sprocket having plurality of 
simplification may be realized through an af- teeth extending therefïom for engagement With 
rangement similar to that shown in Figures 15 driving perforations in a substantially 'uuiïorm 
and 16. ttere the axle ,instead of being fixed sheet o{ material, said sprocket comprising a 
to the supporting meïnber 8 (as in Figuçes. 1I I rotary supportlng member having a cylindrical 
through 12), is rendered rotatabie wih respect outer surface provided.with  a plurality of ho]es, 
to the apparatus by means of bearing 5. A a p]urality o: sprocket teeth disposed te extend 
driving arm , fastenëd rigidly fo the a!e g through the ho]es from within to without said 
at , has an opening  which is made tA co- supporting member, the tongitudina]uxis o each 
form ço the. peripheral surface of a zetating e.0 teoth being in alignment with a line extending 
driving am ! 2. Driving cam contour is such radially from the rotationa] axis of, sa}d.I SUppOt- 

as fo cause osciltatory rotational displacement of 
the axle {4 through an angle ¢': The control 
surface on the axl  may thon comprise a 
single simple depression {}' and the actuating 
ends at 
be uniform. The motor 9 which drives the cam 
92 through mechanical linkage indicated by 
dotted line 96, is in turn held in synchïonism 
with the televison scansion system indiCated by 30 
the btock 9 such that the axle cam surface ' 
is rendered stationary just prior to and during 
the retraction of a sprocket tooth from driving 
engagement with the film. Such action is pro- 
vided, for example, by the ciïcular peripheral 
sections 9$A and B of the control cam 92. 
In the above embodiments although specific 
contours of the actuating ends of the sprocket 
teeth and axle cam periphery as wetl as the 
specific arrangement of sprocket teeth for radial 
displacement relative to the sprocket axis of ro- 
tation are shown, other workable mechrdcat 
arrangements embodying the novel features of 
the sprocket arrangements herein shown, witl 
occur fo those skilted in the art aîter having 
benefitod by the teachings of the present in- 
vention. 
From the foregoing description if is seen that 
the applicant bas pïovided an improved foïm oï 
film shrinkage cbmpensaory driving sprocket 50 
which lends itself particularly fo television scan- 
sion apparatus. The sprocket is simple and 
economical in construction and is advantageous 
from the standpoint of the relatively large toler- 
ance with which the majority of the structure 55 
may be fabricated. 
I claire: 
1. A driving sprocket for a motion pictuïe film 
television scansion apparatus said sprocket com- 
prising an outer supporting membeï having a 
cytindrical outer surface containing a plurality 
of holes, a central suppoïting member ositioned 
concentrically within said outer suppoïting ruera- 
ber and rigidly connected theïewith said central 
member containing a plurality of restraining 65 
holes in radial alignment with the holes in said 
outer supporting member, a plurality of sprocket 
teeth disposed to outwardly radially extend 

ing member, each tOOth having a driving end and 
an actuating end, :said driving end. being con- 
formed for driving engagement of the sheet driv- 
2 ing perforations onty when. said driving end 
extends beyond the limits of saï4EE supporting 
member outer surface» and a driving member 
within said sUpporting member comprising are- 
tatable cam with a plurality of peripheral còntrol 
surfaces, the actuating ends of predeCermined 
groups of said sprocket toeth being mechanically 
keyed to discriminately conform fo one or more 
of said contro] surfaces, and a spring mecha- 
nism connected with each tooth so as to maintain 
:, driving engagement of said sprocket teeth 
actuating end. 
3. A driving sprocket for motion picture film 
said sprocket comprising a cy]indrical outor sup- 
oorting member having a plurality of holes uni- 
« :ormly sPaced about the circumference thereof, a 
central supporting member positioned within said 
outer supporting member and rigidly connectod 
therewith, the central supporting member having 
a corresponding plurality of holes therein in radi- 
45 .al atignment with the holes in said outer support- 
mg member, a plurality of sprocket teeth disposed 
to radially extend through said radially a]igned 
holes in said cylindrical surface and said central 
supporting member, each tooth having a driving 
end and an actuating end, said driving end being 
conformed for active engagement of motion pic- 
ture film driving perforations, said toeth being 
further disposed fo normally place said driving 
ends beyond the limits of said outer suppoïting 
member outer stu'face in position for active en- 
gagement with motion picture film dïiving 
perforations, and a dïiving member within said 
outer supporting member for linear]y positioning 
said sprocket teeth in said aligned supporting 
holes by means of driving engagement with the 
actuating ends of said sprocket teeth, said 
driving member being so conformed to produce 
retraction of successive teeth one at a rime 
beneath the outer supporting member limits and 
hence from driving engagement with the driven 
film, and means fo cause said sprocke,t teeth 
driving ends to conform fo said driving member. 
4. Appaïatus as defined in claire 3 wherein 

through said radial aligned holes, each tooth hav- said driving member is a rotatabte cam having 
ing a driving and an actuating end, said driving ï0 its r0tational axis in alignment with a ïotational 
end being conformed for a.ctive ergagement of axis of said sprocket, said cam having a periph- 
motion picture film driving perforations, a cam eral control surface adapted to provide suitable 
having ifs axis in alignment with the rotationat displacement of said sprocket teeth when said 
axis of said outer supporting member and posi- cam is given rotational displacement with respect 
tioned within said inner central supporting memi 7 to said outer supporting member, and comprising 
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in addition, a spring mechanism connected with 
each tooth such to maintain driving engagement 
of said sprocket teeth actuating ends with said 
cam control surface. 
5. Apparatus set forth in claire 3 wherein said 
driving member is rotatable about the rotational 
axis of said outer supporting member, and an 
axial extension from said driving member Ïor 
rotational positioning said driving member rela- 
tive fo said outer supporting member. 
 6. Apparatus according to claim 3 wherein said 
driving member is rotatable about the rotational 
axis of . said outer supporting member and an 
axial extension ïrom said driving member 
rotational positioning said driving member rela- 15 
tire to said outer supporting member, wherein 
there is additionally provided an activating 
mechanism connected with said axial extension, 
a synchronizing linkage between said activating 
mechanism and said outer supporting member 20 
whereby periodic rotational displacement of said 
driving member is effected during propulsion 
motion picture film by said sprocket. 
7. Apparatus as to claim 3 wherein said driving 
member is a cam with a multiplicity of periph- 25 
eral control surfaces, and wherein said sprocket 
teeth actuating ends are keyed to discriminately 
respond to one or another of said rotatable cam 
peripheral control surfaces, and means fo cause 
said sprocket teeth driving ends fo conform to 30 
driving member. 

8. Apparatus as defined in claim 7 wherein 
the said plurality of teeth is even in number and 
wherein alternate sprocket teeth actuating ends 
are conïormed for response to one c%m control 
5 surface only whfle the remaining alternate 
sprocket teeth actuating ends are cmxformed for 
response fo the other cam control surface, such 
that propulsion of the film through the scansion 
apparatus is effected by driving engagement of 
10 the sprocket and the film by only one tooth at 
a time. 
IçiIUT JOI-IAN OeAGNUSSON. 
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